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Takahiro NAKAJIMA et al. 
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A POLYESTER POLYMERIZATION CATALYST, 
POLYESTER PRODUCED BY USING THE SAME, AND 
A PROCESS FOR PRODUCING POLYESTER 

(Unassigned) 

(Unassigned) 



ASSISTANT COMMISSIONER 
FOR PATENTS 
Washington, D.C. 20231 



PRELIMINARY AMENDMENT 



S I R: 



Prior to examination of the above-identified PCT national phase application, 
please enter the following amendments. 



In the Specification : 

Page 6, line 1 1 : Delete “OF THE PREFERRED EMBODIMENTS”. 



In the Claims: 



Please amend claims 4, 7, 8 and 9 and add new claims 10-20 as follows: 
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4. (Amended) The polyester polymerization catalyst according to [any 
one of claims 1 to 3] claim 1 . wherein the phosphorus compound is a compound 
having an aromatic ring structure. 

7. (Amended) The polyester polymerization catalyst according to [any 
one of claims 1 to 6, characterized in that] claim 1 , wherein one or more metals 
and/or metal compounds selected from the group consisting of alkali metals or 
compounds thereof and alkaline earth metals or compounds thereof are coexistent 
therewith. 

8. (Amended) Polyester produced by using a catalyst described in [any 
one of claims 1 to 7] claim 1 . 

9. (Amended) A process for producing polyester which comprises using 
a catalyst described in [any one of claims 1 to 7] claim 1 in producing polyester. 

10. (New) The polyester polymerization catalyst according to claim 2, 
wherein the phosphorus compound is a compound having an aromatic ring 
structure. 

1 1 . (New) The polyester polymerization catalyst according to claim 3, 
wherein the phosphorus compound is a compound having an aromatic ring 



structure. 
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12. (New) The polyester polymerization catalyst according to claim 2, 
wherein one or more metals and/or metal compounds selected from the group 
consisting of alkali metals or compounds thereof and alkaline earth metals or 
compounds thereof are coexistent therewith. 

13. (New) The polyester polymerization catalyst according to claim 3, 
wherein one or more metals and/or metal compounds selected from the group 
consisting of alkali metals or compounds thereof and alkaline earth metals or 
compounds thereof are coexistent therewith. 

14. (New) The polyester polymerization catalyst according to claim 4, 
wherein one or more metals and/or metal compounds selected from the group 
consisting of alkali metals or compounds thereof and alkaline earth metals or 
compounds thereof are coexistent therewith. 

15. (New) The polyester polymerization catalyst according to claim 5, 
wherein one or more metals and/or metal compounds selected from the group 
consisting of alkali metals or compounds thereof and alkaline earth metals or 
compounds thereof are coexistent therewith. 

16. (New) The polyester polymerization catalyst according to claim 6, 
wherein one or more metals and/or metal compounds selected from the group 
consisting of alkali metals or compounds thereof and alkaline earth metals or 
compounds thereof are coexistent therewith. 
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17. (New) Polyester produced by using a catalyst described in claim 5. 

18. (New) Polyester produced by using a catalyst described in claim 7. 

19. (New) A process for producing polyester which comprises using a 
catalyst described in claim 5 in producing polyester. 

20. (New) A process for producing polyester which comprises using a 
catalyst described in claim 7 in producing polyester. 
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REMARKS 

Claims 4, 7, 8 and 9 have been amended to delete the multiple 
dependencies. Claims 10-20 were added to recover some of the dependencies thus 
deleted. Examination of this application in light of the foregoing amendments is 
respectfully requested. 

A clean copy of all the claims is attached hereto. 

The Office is authorized to charge any underpayment or credit any 
overpayment to Kenyon & Kenyon's Deposit Account No. 1 1-0600. 

Dated: 12 February 2002 

KENYON & KENYON 
1500 K Street, N.W., Suite 700 
Washington, D.C. 20005 
(202) 220-4200 



Respectfully submitted, 




in C. Altmiller 
teg. No. 25,951) 
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WHAT IS CLAIMED IS : 

1. A polyester polymerization catalyst, which comprises an aluminum 
compound and a phosphorus compound. 

2. The polyester polymerization catalyst according to claim 1 , wherein the 
phosphorus compound is at least one compound selected from the group consisting 
of a phosphonic acid based compound, a phosphinic acid based compound, a 
phosphine oxide based compound, a phosphonous acid based compound, a 
phosphinous acid based compound, and a phosphine based compound. 

3. The polyester polymerization catalyst according to claim 1 , wherein the 
phosphorus compound is at least one phosphonic acid based compound. 

4. The polyester polymerization catalyst according to claim 1 , wherein the 
phosphorus compound is a compound having an aromatic ring structure. 

5. The polyester polymerization catalyst according to claim 1 , wherein the 
phosphorus compound is at least one compound selected from the group consisting 
of the compounds represented by the following Formulae (1 ) to (3): 

(Formula 1) 

P(=0)R 1 (0R 2 )(0R 3 ) 

(Formula 2) 

P(=0)R 1 R 4 (0R 2 ) 

(Formula 3) 

P(=0)R 1 R 5 R 6 

(wherein R 1 , R 4 , R 5 and R 6 independently represent hydrogen, a C.,. 50 hydrocarbon 
group, and a hydrocarbon group containing a hydroxyl group, a halogen group, 
an alkoxy group or an amino group, and R 2 and R 3 independently represent 
hydrogen and a C.,. 10 hydrocarbon group, provided that the hydrocarbon group may 
contain an alicyclic structure or an aromatic ring structure.) 
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6. The polyester polymerization catalyst according to claim 5, wherein each of 
R 1 , R 4 , R 5 and R 6 is a group having an aromatic ring structure. 

7. The polyester polymerization catalyst according to claim 1 , wherein 
one or more metals and/or metal compounds selected from the group consisting of 
alkali metals or compounds thereof and alkaline earth metals or compounds thereof 
are coexistent therewith. 

8. Polyester produced by using a catalyst described in claim 1 . 

9. A process for producing polyester which comprises using a catalyst 
described in claim 1 in producing polyester. 

10. The polyester polymerization catalyst according to claim 2, wherein the 
phosphorus compound is a compound having an aromatic ring structure. 

1 1 . The polyester polymerization catalyst according to claim 3, wherein 
the phosphorus compound is a compound having an aromatic ring structure. 

12. The polyester polymerization catalyst according to claim 2, wherein 
one or more metals and/or metal compounds selected from the group consisting of 
alkali metals or compounds thereof and alkaline earth metals or compounds thereof 
are coexistent therewith. 

13. The polyester polymerization catalyst according to claim 3, wherein 
one or more metals and/or metal compounds selected from the group consisting of 
alkali metals or compounds thereof and alkaline earth metals or compounds thereof 
are coexistent therewith. 

14. The polyester polymerization catalyst according to claim 4, wherein 
one or more metals and/or metal compounds selected from the group consisting of 
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alkali metals or compounds thereof and alkaline earth metals or compounds thereof 
are coexistent therewith. 

1 5. The polyester polymerization catalyst according to claim 5, wherein 
one or more metals and/or metal compounds selected from the group consisting of 
alkali metals or compounds thereof and alkaline earth metals or compounds thereof 
are coexistent therewith. 

16. The polyester polymerization catalyst according to claim 6, wherein 
one or more metals and/or metal compounds selected from the group consisting of 
alkali metals or compounds thereof and alkaline earth metals or compounds thereof 
are coexistent therewith. -- 

17. Polyester produced by using a catalyst described in claim 5. 

18. Polyester produced by using a catalyst described in claim 7. 

19. A process for producing polyester which comprises using a catalyst 
described in claim 5 in producing polyester. 

20. A process for producing polyester which comprises using a catalyst 
described in claim 7 in producing polyester. 
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SPECIFICATION 
TITLE OF THE INVENTION 

A POLYESTER POLYMERIZATION CATALYST, POLYESTER PRODUCED 
BY USING THE SAME, AND A PROCESS FOR PRODUCING 

POLYESTER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a polyester polymerization catalyst, 
polyester produced by using the same and a process for producing polyester 
and in particular to an antimony compound-free novel polyester 
polymerization catalyst, polyester produced by using the same and a process 
for producing polyester. 

Prior Art 

Polyester, particularly polyethylene terephthalate (abbreviated 
hereinafter into PET), is superior in mechanical and chemical properties 
and applied to various uses such as fibers for clothes and industrial 
materials, various films such as packaging films and magnetic tapes and 
sheets, and molded articles such as bottles and engineering plastics. 

PET is obtained industrially by esterification or transesterification 
of terephthalic acid or dimethyl terephthalate with ethylene glycol thereof to 
produce bis(2-hydroxyethyl) terephthalate and subsequent polycondensation 
thereof with a catalyst at high temperature in vacuo. As the catalyst used 
in this polycondensation, antimony trioxide is widely used. Antimony 
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trioxide is a catalyst which is inexpensive and superior in the catalytic 
activity, but since an antimony metal is precipitated during 
polycondensation, there is the problem of gray discoloration and formation 
of insoluble particles in PET. Further, a problem with the safety of 
antimony is recently noted from an environmental viewpoint. Under these 
circumstances, there is demand for polyester containing no or little 
antimony. 

While using antimony trioxide as the polycondensation catalyst, an 
attempt at inhibiting occurrence of gray discoloration and formation of 
insoluble particles in PET has been made. In Japanese Patent No. 

2666502, for example, antimony trioxide and bismuth and selenium 
compounds are used as the polycondensation catalyst, whereby formation of 
gray insoluble particles in PET is inhibited. Further, Japanese 
Unexamined Patent Publication No. 291141/1997 describes that when 
antimony trioxide containing sodium and iron oxides is used as the 
polycondensation catalyst, precipitation of an antimony metal is inhibited. 
However, these polycondensation catalysts cannot achieve the object of 
obtaining polyester containing no or little antimony. 

A polycondensation catalyst substituted for antimony trioxide has 
also been investigated. In particular, a titanium compound represented by 
tetraalkoxy titanate has already been proposed, but there is the problem 
that PET produced using this compound is significantly discolored and 
easily thermally degraded. 

As an attempt to overcome such problem when tetraalkoxy titanate 
is used as the poly condensation catalyst, for example Japanese Unexamined 



2 




F-P01111TB (US) 



Patent Publication No. 116722/1980 has proposed a method of using 
tetraalkoxy titanate with a cobalt salt and a calcium salt. Further, 

Japanese Unexamined Patent Publication No. 73581/1996 has proposed a 
method of using tetraalkoxy titanate simultaneously with a cobalt 
compound as the polycondensation catalyst and simultaneously using a 
optical brightener. By these proposes, the discoloration of PET is reduced 
when tetraalkoxy titanate is used as the polycondensation catalyst, but 
effective inhibition of thermal degradation of PET has not been achieved. 

As a polycondensation catalyst which is substituted for antimony 
trioxide and overcomes such problem when tetraalkoxy titanate is used, a 
germanium compound has been practically used, but this catalyst has the 
problem that it is very expensive and that the catalyst easily evaporates 
from the reaction system to the outside so that the concentration of the 
catalyst in the reaction system is changed thus making control of 
polymerization difficult. 

It is known that aluminum compounds are generally inferior in the 
catalytic activity. Among the aluminum compounds, aluminum chelate 
compounds are reported to have a higher catalytic activity as a 
polycondensation catalyst than other aluminum compounds, but the 
catalytic activity is not practically sufficient as compared with the antimony 
compounds and titanium compounds described above. 

This invention provides a novel polycondensation catalyst other than 
antimony compounds, polyester produced by using the same and a process 
for producing polyester. 
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SUMMARY OF THE INVENTION 

The present inventors made extensive examination for solving the 
problems described above, and as a result, they surprisingly found that as a 
poly condensation catalyst, an aluminum compound, though being originally 
inferior in the catalytic activity, came to have a sufficient activity by 
allowing a phosphorus compound to be coexistent therewith, thus arriving 
at this invention. When the polycondensation catalyst of this invention is 
used, polyester superior in qualities can be obtained without using the 
antimony compound. 

That is, this invention provides a polyester polymerization catalyst, 
which comprises an aluminum compound and a phosphorus compound, 
polyester produced by using the same and a process for producing polyester, 
as a method of solving the problems above. 

This invention provides a novel poly condensation catalyst other than 
antimony compounds, polyester produced by using the same, and a process 
for producing polyester. The polycondensation catalyst of this invention is 
a polyester polymerization catalyst, which comprises an aluminum 
compound and a phosphorus compound, as follows^ 

(!) a polyester polymerization catalyst, which comprises an aluminum 
compound and a phosphorus compound; 

(2) the polyester polymerization catalyst according to the above-described CD, 
wherein the phosphorus compound is at least one compound selected from 
the group consisting of a phosphonic acid based compound, a phosphinic 
acid based compound, a phosphine oxide based compound, a phosphonous 
acid based compound, a phosphinous acid based compound, and a phosphine 
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based compound; 

© the polyester polymerization catalyst according to the above-described (D, 
wherein the phosphorus compound is at least one phosphonic acid based 
compound; 

( 4 ) the polyester polymerization catalyst according to any one of the 
above-described (D to ©, wherein the phosphorus compound is a compound 
having an aromatic ring structure; 

© the polyester polymerization catalyst according to the above-described ax 
wherein the phosphorus compound is at least one compound selected from 
the group consisting of the compounds represented by the following 
Formulae (l) to (3) : 

(Formula l) 

P(=0)R 1 (OR 2 ) (OR 3 ) 

(Formula 2) 

P(=0)R 1 R 4 (0R 2 ) 

(Formula 3) 

P(=0)R 1 R 5 R 6 

(wherein R 1 , R 4 , R 5 and R 6 independently represent hydrogen, a Ci-so 
hydrocarbon group, and a C 1-50 hydrocarbon group containing a hydroxyl 
group, a halogen group, an alkoxy group or an amino group, and R 2 and R 3 
independently represent hydrogen and a C 1-10 hydrocarbon group, provided 
that the hydrocarbon group may contain an alicyclic structure or an 
aromatic ring structure.); 

© the polyester polymerization catalyst according to the above-described ©, 
wherein each of R 1 , R 4 , R 5 and R 6 is a group having an aromatic ring 
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© the polyester polymerization catalyst according to any one of the 
above-described (D to (6), characterized in that one or more metals and/or 
metal compounds selected from the group consisting of alkali metals or 
compounds thereof and alkaline earth metals or compounds thereof are 
coexistent therewith; 

(8) polyester produced by using a catalyst described in any one of the 
above-described (D to ©; and 

(9) a process for producing polyester which comprises using a catalyst 
described in any one of the above-described CD to © in producing polyester. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The aluminum compound constituting the polycondensation catalyst 
of this invention includes, but is not limited to, e.g. carboxylates such as 
aluminum formate, aluminum acetate, aluminum propionate, aluminum 
oxalate, aluminum acrylate, aluminum laurate, aluminum stearate, 
aluminum benzoate, aluminum trichloroacetate, aluminum lactate, 
aluminum citrate and aluminum salicylate, inorganic acid salts such as 
aluminum chloride, aluminum hydroxide, aluminum hydroxide chloride, 
aluminum carbonate, aluminum phosphate and aluminum phosphonate, 
aluminum alkoxides such as aluminum methoxide, aluminum ethoxide, 
aluminum n-propoxide, aluminum iso-propoxide, aluminum n-butoxide and 
aluminum t'butoxide, aluminum chelate compounds such as aluminum 
acetylacetonate, aluminum acetylacetate, aluminum ethyl acetoacetate, and 
aluminum ethyl acetoacetate di-iso-propoxide, organoaluminum compounds 
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such as trimethyl aluminum and triethyl aluminum and partially 
hydrolyzates thereof, as well as aluminum oxides, metal aluminum, etc. 
Among these, the carboxylates, inorganic acid salts and chelate compounds 
are preferable, among which aluminum acetate, aluminum chloride, 
aluminum hydroxide, aluminum hydroxide chloride and aluminum 
acetylacetonate are particularly preferable. 

The amount of the aluminum compound used in the invention is 
preferably 5xl0 -7 to 0.01 mole, more preferably lxlO -6 to 0.005 mole, 
relative to the number of moles of all constitutive units of carboxylic acid 
components such as dicarboxylic acid and polyfunctional carboxylic acid 
components in the resulting polyester. 

The phosphorus compound constituting the polycondensation 
catalyst of the invention is not particularly limited, but at least one 
compound selected from the group consisting of a phosphonic acid based 
compound, a phosphinic acid based compound, a phosphine oxide based 
compound, a phosphonous acid based compound, a phosphinous acid based 
compound, and a phosphine based compound is preferably used for a 
significant effect of improving the catalytic activity. Among these, at least 
one phosphonic acid based compound is preferably used for a particularly 
significant effect of improving the catalytic activity. 

The phosphonic acid based compound, phosphinic acid based 
compound, phosphine oxide based compound, phosphonous acid based 
compound, phosphinous acid based compound and phosphine based 
compound mentioned in the invention refer respectively to compounds 
having the structures shown in the following Formulae (4) to (9) : 
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(Formula 4) 

o 

II 

o P — o 

(Formula 5) 

o 

ii 

p — o 

(Formula 6) 

o 

p 

(Formula 7) 

o — p — o 

(Formula 8) 

p — o 

i 

(Formula 9) 
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The phosphonic acid based compound in this invention includes e.g. 
dimethyl methylphosphonate, diphenyl methylphosphonate, dimethyl 
phenylphosphonate, diethyl phenylphosphonate, diphenyl 
phenylphosphonate, dimethyl benzylphosphonate and diethyl 
benzylphosphon ate . 

The phosphinic acid based compound in this invention includes e.g. 
diphenylphosphinic acid, methyl diphenylphosphinate, phenyl 
diphenylphosphinate, phenylphosphinic acid, methyl phenylphosphinate 
and phenyl phenylphosphinate. 

The phosphine oxide based compound in this invention includes e.g. 
diphenyl phosphine oxide, methyl diphenyl phosphine oxide and triphenyl 
phosphine oxide. 

Among the phosphorus compounds described above, those 
compounds having an aromatic ring structure are preferably used for a 
significant effect of improving the catalytic activity. 

As the phosphorus compound constituting the polycondensation 
catalyst of the invention, a compound represented by the following 
Formulae (l) to (3) is preferably used for a particularly significant effect of 
improving the catalytic activity. 

(Formula l) 

P(=0)R 1 (0R 2 )(0R 3 ) 

(Formula 2) 

P(=0)R 1 R 4 (0R 2 ) 
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(Formula 3) 

P(=0)R 1 R 6 R 6 

(wherein R 1 , R 4 , R 5 and R 6 independently represent hydrogen, a C 1-50 
hydrocarbon group, and a C 1-50 hydrocarbon group containing a hydroxyl 
group, a halogen group, an alkoxy group or an amino group, and R 2 and R 3 
independently represent hydrogen and a C 1-10 hydrocarbon group, provided 
that the hydrocarbon group may contain an alicyclic structure such as 
cyclohexyl or an aromatic ring structure such as phenyl and naphthyl.) 

The phosphorus compound constituting the poly condensation 
catalyst of the invention is particularly preferably a compound of Formulae 
(l) to (3) above wherein each of R 1 , R 4 , R 5 and R 6 is a group having an 
aromatic ring structure. 

The phosphorus compound constituting the polycondensation 
catalyst of the invention includes e.g. dimethyl methylphosphonate, 
diphenyl methylphosphonate, dimethyl phenylphosphonate, diethyl 
phenylphosphonate, diphenyl phenylphosphonate, dimethyl 
benzylphosphonate, diethyl benzylphosphonate, diphenylphosphinic acid, 
methyl diphenylphosphinate, phenyl diphenylphosphinate, 
phenylphosphinic acid, methyl phenylphosphinate, phenyl 
phenylphosphinate, diphenyl phosphine oxide, methyl diphenyl phosphine 
oxide and triphenyl phosphine oxide. Among these, dimethyl 
phenylphosphinate and diethyl benzylphosphinate are particularly 
preferable. 

The amount of the phosphorus compound used in the invention is 
preferably 5x 10~ 7 to 0.01 mole, more preferably lxlO -6 to 0.005 mole, 
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relative to the number of moles of all constitutive units of carboxylic acid 
components such as dicarboxylic acid and polyfunctional carboxylic acid 
components in the resulting polyester. 

For a further effect of improving the catalytic activity, it is 
preferable that one or more metal compounds selected from the group 
consisting of alkali metals or compounds thereof and alkaline earth metals 
or compounds thereof are coexistent with the polycondensation catalyst of 
this invention comprising the aluminum compound and the phosphorus 
compound. 

The alkali metals or compounds thereof or the alkaline earth metal 
or compounds thereof in this invention are not particularly limited insofar 
as they are alkali metals or alk alin e earth metals or one or more compounds 
selected from the group consisting of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr and 
Ba compounds; for example, these metal compounds include saturated 
aliphatic carboxylates such as formate, acetate, propionate, butyrate and 
oxalate, unsaturated aliphatic carboxylates such as acrylate and 
methacrylate, aromatic carboxylates such as benzoate, halogen-containing 
carboxylates such as trichloroacetate, hydroxycarbonates such as lactate, 
citrate and salicylate, inorganic acid salts such as carbonate, sulfate, nitrate, 
phosphate, phosphonate, hydrogen carbonate, hydrogen phosphate, 
hydrogen sulfate, sulfite, thiosulfate, hydrochloride, hydrobromate, chlorate 
andbromate, organic sulfonates such as 1-propane sulfonate, 1-pentane 
sulfonate and naphthalene sulfonate, organic sulfates such as lauryl sulfate, 
alkoxides such as methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy and 
t-butoxy, chelate compounds such as acetylacetonate, oxides and hydroxides, 
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among which saturated aliphatic carboxylates are preferable and acetate is 
most preferable. 

The amount of these alk ali metal or compounds thereof or alkaline 
earth metals or compounds thereof used is preferably in the range of lxlO ” 6 
to 0.1 mole, more preferably in the range of 5X10 -6 to 0.05 mole, relative to 
the number of moles of all constitutive units of carboxylic acid components 
such as dicarboxylic acid and poly functional carboxylic acid components in 
the resulting polyester. 

Production of polyester according to this invention can be conducted 
by a method known in the art. For example, PET can be produced by a 
method of esterifying terephthalic acid with ethylene glycol and subsequent 
polycondensation reaction, or a method of transesterification reaction 
between alkyl terephthalate such as dimethyl terephthalate and ethylene 
glycol and subsequent poly condensation reaction. Further, the 
polymerization apparatus may be a batch type or continuous reaction type. 

The catalyst of this invention has a catalytic activity not only in 
polycondensation reaction but also in esterification reaction and 
transesterification reaction. The transesterification reaction between alkyl 
dicarboxylate such as dimethyl terephthalate and glycol such as ethylene 
glycol is conducted usually in the presence of a transesterification catalyst 
such as zinc, and in place of such catalyst or in coexistence of such catalyst, 
the catalyst of this invention can also be used. Further, the catalyst of this 
invention has a catalytic activity not only in melt state polymerization but 
also in solid state polymerization and solution polymerization. 

The poly condensation catalyst of this invention is added desirably 
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before polycondensation reaction, but the catalyst can also be added to the 
reaction system in an arbitrary stage before or during esterification reaction 
or transesterification reaction. 

The polycondensation catalyst of this invention may be added in any 
form such as powder, neat, or a slurry or solution in a solvent such as 
ethylene glycol. Alternatively, a mixture prepared by previously mixing the 
aluminum compound with the phosphorus compound may be added, or the 
compounds comprising the catalyst may be separately added. Further, a 
mixture prepared by previously mixing the two or more compounds with 
alkali metals or compounds thereof or alkaline earth metals or compounds 
thereof may be added, or these compounds may be added separately. 

For polymerization of polyester by use of the polymerization catalyst 
of the invention, an antimony compound and a germanium compound may 
be used in combination with the catalyst. In this case, the antimony 
compound is preferably added in an amount of 50 ppm or less (in terms of 
antimony atom) relative to the polyester obtained by polymerization. The 
antimony compound is added more preferably in an amount of 30 ppm or 
less. Addition of antimony in an amount of more than 50 ppm is not 
preferable because an antimony metal is precipitated resulting in the gray 
discoloration and formation of insoluble particles in the polyester. The 
germanium compound is added preferably in an amount of 20 ppm or less 
(in terms of germanium atom) in the polyester obtained by polymerization. 
The germanium compound is added more preferably in an amount of 10 
ppm or less. Addition of germanium in an amount of more than 20 ppm is 
economically disadvantageous and thus not preferable. 
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The antimony compound used in this invention includes antimony 
trioxide, antimony pentaoxide, antimony acetate and antimony glycoxide, 
among which antimony trioxide is preferable. The germanium compound 
includes germanium dioxide and germanium tetrachloride, among which 
germanium dioxide is preferable. 

With the polymerization catalyst of this invention, other 
polymerization catalysts such as titanium compound, tin compound and 
cobalt compound can be coexistent in such amount as not to deteriorate the 
thermal stability and color tone of polyester. 

The polyester mentioned in the invention refers to polyester 
comprising at least one component selected from polyfunctional carboxylic 
acids including dicarboxylic acids and ester-forming derivatives thereof and 
at least one component selected from polyfunctional alcohols including 
glycols, to polyester comprising hydroxycarboxylic acids and ester-forming 
derivatives thereof, or to polyester comprising cyclic esters. 

The dicarboxylic acids may include at least one of the following 
compound ^saturated aliphatic dicarboxylic acids such as oxalic acid, 
malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic 
acid, azelaic acid, sebacic acid, decane dicarboxylic acid, dodecane 
dicarboxylic acid, tetradecane dicarboxylic acid, hexadecane dicarboxylic 
acid, 1,3-cyclobutane dicarboxylic acid, 1,3-cyclopentane dicarboxylic acid, 
1,2-cyclohexane dicarboxylic acid, 1,3 -cyclohexane dicarboxylic acid, 
1,4-cyclohexane dicarboxylic acid, 2,5-norbornane dicarboxylic acid and 
dimer acids or ester-forming derivatives thereof, unsaturated aliphatic 
dicarboxylic acids such as fumaric acid, maleic acid and itaconic acid or 
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ester-forming derivatives thereof, aromatic dicarboxylic acids such as 
orthophthalic acid, isophthahc acid, terephthalic acid, 5-(alkah metal) 
sulfoisophthahc acid, diphenic acid, 1,3 -naphthalene dicarboxylic acid, 

1 ,4-naphthalene dicarboxylic acid, 1,5-naphthalene dicarboxylic acid, 

2, 6 -naphthalene dicarboxylic acid, 2,7-naphthalene dicarboxylic acid, 

4,4’ biphenyl dicarboxylic acid, 4,4’ biphenyl sulfone dicarboxylic acid, 

4,4’ -biphenyl ether dicarboxylic acid, 

1.2- bis(phenoxy)ethane-p,p’-dicarboxylic acid, pamoic acid and anthracene 
dicarboxylic acid or ester-forming derivatives thereof. And among these 
dicarboxylic acids, terephthalic acid and naphthalene dicarboxylic acid 
particularly 2,6-naphthalene dicarboxylic acid are preferable. 

Polyfunctional carboxylic acids other than these dicarboxylic acids 
may include ethane tricarboxylic acid, propane tricarboxylic acid, butane 
tetracarboxylic acid, pyromellitic acid, trimellitic acid, trimesic acid and 
3, 4, 3’, 4’ -biphenyl tetracarboxylic acid, as well as ester-forming derivatives 
thereof. 

The glycols may include at least one of the following 
compound ; aliphatic glycols such as ethylene glycol, 1,2-propylene glycol, 

1.3 - propylene glycol, diethylene glycol, triethylene glycol, 1,2 -butylene glycol, 

1.3- butylene glycol, 2,3-butylene glycol, 1,4-butylene glycol, 1,5-pentane diol, 
neopentyl glycol, 1,6-hexane diol, 1,2 -cyclohexane diol, 1,3 -cyclohexane diol, 

1.4- cyclohexane diol, 1,2 -cyclohexane dimethanol, 1,3-cyclohexane 
dimethanol, 1,4-cyclohexane dimethanol, 1,4-cyclohexane diethanol, 
1,10-decamethylene glycol, 1,12-dodecane diol, polyethylene glycol, 
polytrimethylene glycol, and polytetramethylene glycol, and aromatic 
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glycols such as hydroquinone, 4,4’-dihydroxy bisphenol, 

l,4-bis(p-hydroxyethoxy) benzene, 1 , 4-bis(3 -hy dioxyethoxyphenyl) sulfone, 
bis(p-hydroxyphenyl) ether, bis(p-hydroxyphenyl) sulfone, 

bis(p hydroxyphenyl) methane, l,2-bis(p-hydroxyphenyl) ethane, bisphenol 

\ 

A, bisphenol C, 2,5-naphthalene diol, as well as glycols having ethylene 
oxide added to the above glycols, and among these glycols, ethylene glycol 
and 1,4-butylene glycol are preferable. 

Polyfunctional alcohols other than these glycols include trimethylol 
methane, trimethylol ethane, triemethylol propane, pentaerythritol, glycerol, 
hexane triol etc. 

The hydroxycarboxylic acids may include lactic acid, citric acid, 
malic acid, tartaric acid, hydroxyacetic acid, 3-hydroxybutyric acid, 
p-hydroxybenzoic acid, p-(2-hydroxyethoxy) benzoic acid, 
4-hydroxycyclohexane carboxylic acid, or ester-forming derivatives thereof. 

The cyclic esters include e-caprolactone, p-propiolactone, 
p-methyl-p-propiolactone, 5-valerolactone, glucolide and lactide. 

Further, the polyester of this invention can contain a known 
phosphorus compound as a copolymerizable component. The phosphorus 
compound is preferably a bifunctional phosphorus compound, and examples 
thereof include dimethyl phenylphosphonate, diphenyl phenylphosphonate, 
(2-carboxylethyl) methylphosphinic acid, (2-carboxylethyl) phenylphosphinic 
acid, methyl (2-methoxycarboxylethyl) phenylphosphinate, methyl 
(4-methoxycarbonylphenyl) phenylphosphinate, 

[2-(p-hydroxyethoxycarbonyl)ethyl] methylphosphinic acid ethylene glycol 
ester, (l,2-dicarboxyethyl) dimethyl phosphine oxide, 
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9, 10-dihydro- 10-oxa-(2,3-carboxypropyl)- 10-phosphaphenanthrene- 10-oxide, 
etc. By incorporating these phosphorus based compounds as 
copolymerizable components, the resulting polyester can improve flame 
retardancy etc. 

The ester-forming derivatives of polyfunctional carboxylic acids or 
hydroxycarboxylic acids include alkyl esters, acid chlorides and acid 
anhydrides of such acids. 

The polyester of this invention is preferably polyester whose main 
acid component is terephthalic acid or an ester-forming derivative thereof or 
naphthalene dicarboxylic acid or an ester-forming derivative thereof and 
whose main glycol component is alkylene glycol. The polyester whose main 
acid component is terephthalic acid or an ester-forming derivative thereof or 
naphthalene dicarboxylic acid or an ester-forming derivative thereof is 
polyester wherein the total of terephthalic acid or an ester-forming 
derivative thereof or naphthalene dicarboxylic acid or an ester-forming 
derivative thereof is preferably 70 mole % or more, more preferably 80 
mole % or more, and most preferably 90 mole % or more, to the total acid 
components. The polyester whose main glycol component is alkylene glycol 
is polyester wherein the total of alkylene glycol is preferably 70 mole % or 
more, more preferably 80 mole % or more, and most preferably 90 mole % or 
more, to the total glycol components. As used herein, the alkylene glycol 
may contain a substituent group or an alicyclic structure in the molecular 
chain thereof. 

The naphthalene dicarboxylic acid or ester-forming derivatives 
thereof used in this invention are preferably 1,3 -naphthalene dicarboxylic 
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acid, 1,4-naphthalene dicarboxylic acid, 1,5-naphthalene dicarboxylic acid, 
2,6-naphthalene dicarboxylic acid, 2,7-naphthalene dicarboxylic acid or 
ester-forming derivatives thereof. 

The alkylene glycol used in this invention includes ethylene glycol, 

1.2- propylene glycol, 1,3-propylene glycol, 1,2-butylene glycol, 1,3-butylene 
glycol, 2,3-butylene glycol, 1,4-butylene glycol, 1,5-pentane diol, neopentyl 
glycol, 1, 6-hexane diol, 1,2 -cyclohexane diol, 1,3 -cyclohexane diol, 

1.4- cyclohexane diol, 1,2 -cyclohexane dimethanol, 1,3 -cyclohexane 
dimethanol, 1,4-cyclohexane dimethanol, 1,4-cyclohexane diethanol, 
1,10-decamethylene glycol, and 1,12-dodecane diol. These may be used in 
combination thereof. 

The polyester of this invention can, as acid components other than 
terephthalic acid or an ester-forming derivative thereof and naphthalene 
dicarboxylic acid or an ester-forming derivative thereof, contain saturated 
aliphatic dicarboxylic acids such as oxalic acid, malonic acid, succinic acid, 
glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, 
decane dicarboxylic acid, dodecane dicarboxylic acid, tetradecane 
dicarboxylic acid, hexadecane dicarboxylic acid, 1,3-cyclobutane dicarboxylic 
acid, 1, 3-cyclopentane dicarboxylic acid, 1,2 -cyclohexane dicarboxylic acid, 

1.3 - cyclohexane dicarboxylic acid, 1,4-cyclohexane dicarboxylic acid, 

2.5- norbomane dicarboxylic acid and dimer acids or ester-forming 
derivatives thereof, unsaturated aliphatic dicarboxylic acids such as fumaric 
acid, maleic acid and itaconic acid or ester-forming derivatives thereof, 
aromatic dicarboxylic acids such as orthophthalic acid, isophthalic acid, 
5-(alkali metal) sulfoisophthalic acid, diphenic acid, 4,4’ -biphenyl 
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dicarboxylic acid, 4,4’-biphenyl sulfone dicarboxylic acid, 4, 4’ -biphenyl ether 
dicarboxylic acid, l,2-bis(phenoxy)ethane-p,p’-dicarboxylic acid, pamoic acid 
and anthracene dicarboxylic acid or ester-forming derivatives thereof, and 
polyfunctional carboxylic acids such as ethane tricarboxylic acid, propane 
tricarboxylic acid, butane tetracarboxylic acid, pyromellitic acid, trimellitic 
acid, trimesic acid and 3,4,3’,4’-biphenyl tetracarboxylic acid or 
ester-forming derivatives thereof. The polyester of this invention can also 
contain hydroxycarboxylic acids such as lactic acid, citric acid, malic acid, 
tartaric acid, hydroxyacetic acid, 3-hydroxybutyric acid, p-hydroxybenzoic 
acid, p -(2 -hydroxy ethoxy) benzoic acid and 4-hydroxycyclohexane carboxylic 
acid or ester-forming derivatives thereof. Further, the polyester can also 
contain cyclic esters such as e-caprolactone, p-propiolactone, 
p-methyl-p-propiolactone, 5-valerolactone, glycolide and lactide. 

The polyester of the invention can, as glycol components other than 
alkylene glycol, contain aliphatic glycols such as diethylene glycol, 
triethylene glycol, polyethylene glycol, polytrimethylene glycol and 
polytetramethylene glycol, aromatic glycols such as hydroquinone, 
4,4’-dihydroxybisphenol, l,4-bis(p-hydroxyethoxy) benzene, 
l,4-bis(p-hydroxyethoxyphenyl) sulfone, bis(p -hy droxyphenyl) ether, 
bis(p-hydroxyphenyl) sulfone, bis(p hy droxyphenyl) methane, 

1, 2 -bis(p-hy droxyphenyl) ethane, bisphenol A, bisphenol C, 2,5-naphthalene 
diol and glycols having ethylene oxide added to the above glycols, and 
polyfunctional alcohols such as trimethylol methane, trimethylol ethane, 
trimethylol propane, pentaerythritol, glycerol and hexane triol as 
copolymerizable components. 
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The polyester of this invention can contain a known phosphorus 
based compound as a copolymerizable component. The phosphorus based 
compound is preferably a bifunctional phosphorus based compound, and 
examples thereof include dimethyl phenylphosphonate, diphenyl 
phenylphosphonate, (2-carboxylethyl) methylphosphinic acid, 
(2-carboxylethyl) phenylphosphinic add, methyl (2-methoxycarboxylethyl) 
phenylphosphinate, methyl (4-methoxycarbonylphenyl) phenylphosphinate, 
[2 -(|3 -hydroxy ethoxycarbonyl)ethyl] methylphosphinate ethylene glycol, 
(l,2-dicarboxyethyl) dimethyl phosphine oxide, 

9, 10-dihydro- 10-oxa-(2,3-carboxypropyl)- 10-phosphaphenanthrene- 10-oxide, 
etc. By incorporating these phosphorus based compounds as 
copolymerizable components, the resulting polyester can improve flame 
retardancy etc. 

The polyester of the invention is preferably polyethylene 
terephthalate, polybutylene terephthalate, polypropylene terephthalate, 
poly(l ,4-cyclohexanedimethyleneterephthalate), polyethylene naphthalate, 
polybutylene naphthalate, polypropylene naphthalate and a copolymer 
thereof, among which polyethylene terephthalate and a copolymer thereof 
are particularly preferable. 

The polyester of this invention can contain antioxidants such as 
phenolic or aromatic amines, and by containing one or more of these 
antioxidants, the resultant polyester can improve e.g. thermal stability. 

The phenolic antioxidants include 

tetrakis-[methyl-3-(3’,5’-di-tert-butyl-4-hydroxyphenyl)propionate] methane, 
4,4’-butylidene bis-(3-methyl-6-tert-butylphenol), and 



20 




:i, ci o *4 :s s o Eii 3 n o e? 



F-P01111TB (US) 



l,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl) benzene. 

The polyester of this invention may contain other arbitrary polymers, 
stabilizers, antioxidants, antistatic agents, antifoaming agents, dyeing 
assistants, dyes, pigments, delusterants, optical brighteners and other 
additives. 

Examples 

Hereinafter, this invention is described in more detail by reference 
to the Examples, which however are not intended to limit this invention. 

The intrinsic viscosity (IV) of polyester in each of the Examples and 
Comparative Examples was measured at a temperature of 30 °C in a 6/4 
mixed solvent (ratio by weight) of phenol/1, 1,2,2 -tetrachloroethane. 

Example 1 

As the catalyst, 3 g/1 aluminum chloride in ethylene glycol was 
added, in an amount of 0.015 mole % in terms of aluminum relative to the 
acid component in polyester, to bis(2-hydroxyethyl) terephthalate, and then 
dimethyl phenylphosphonate was added in an amount of 0.02 mole % 
relative to the acid component in polyester, and the mixture was stirred at 
245 °C for 10 minutes at atmospheric pressure. Then, the mixture was 
heated over 50 minutes to 275 °C, during which the pressure in the reaction 
system was gradually reduced to 0.1 mmHg, and further polycondensation 
reaction was conducted for 3 hours at the same temperature and at the 
same pressure. The intrinsic viscosity of the resulting polymer is shown in 
Table 1. 

Examples 2 to 7 and Comparative Examples 1 to 2 

Polyester was polymerized in the same manner as in Example 1 



21 




.r"3i 'ii si ip-ii 15 i3 sr*ii .r-n *•— r -r“?i *rt‘ 5; 

„!L 1.1! !lji "• ii .1“ ’■•4" ,™i. .cl ui 111 'bi i a n ci 



F-P01111TB (US! 



except that the catalyst was changed. The intrinsic viscosity of the 
resulting polymer is shown in Table 1. 
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Catalyst 


Amount 


IVCdlg 1 ) 


Example 1 


Aluminum chloride 
Dimethyl 

phenylphosphonate 


0.015 mol% 
0.02 mol% 


0.55 


Example 2 


Aluminum acetate 
Diethyl 

benzylphosphonate 


0.03 mol% 
0.01 mol% 


0.57 


Example 3 


Aluminum hydroxide 
chloride 

Diphenylphosphinic 

acid 


0.05 mol% 
0.07 mol% 


0.62 


Example 4 


Aluminum 

acetylacetonate 

Dimethyl 

phenylphosphonate 


0.01 mol% 
0.01 mol% 


0.6 


Example 5 


Aluminum hydroxide 
Diphenyl phosphine 
oxide 


0.065 mol% 
0.03 mol% 


0.59 


Example 6 


Aluminum acetate 
Diethyl 

benzylphosphonate 
Lithium acetate 


0.01 mol% 
0.005 mol% 

0.025 mol% 


0.6 


Example 7 


Aluminum chloride 
Dimethyl 

phenylphosphonate 
Sodium acetate 


0.005 mol% 
0.01 mol% 

0.05 mol% 


0.62 


Comparative 
Example 1 


Aluminum chloride 


0.015 mol% 


0.31 


Comparative 
Example 2 


Dimethyl 

phenylphosphonate 


0.02 mol% 


0.27 



According to this invention, there is provided a novel 



polycondensation catalyst other than antimony compounds as well as 
polyester produced by using the same. The polyester of this invention can 
be apphed to fibers for clothes, fibers for industrial materials, various films, 
sheets and molded articles such as bottles and engineering plastics, as well 
as coatings and adhesives. 
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1. A polyester polymerization catalyst, which comprises an 
aluminum compound and a phosphorus compound. 

2. The polyester polymerization catalyst according to claim 1, 
wherein the phosphorus compound is at least one compound selected from 
the group consisting of a phosphonic acid based compound, a phosphinic 
acid based compound, a phosphine oxide based compound, a phosphonous 
acid based compound, a phosphinous acid based compound, and a phosphine 
based compound. 

3. The polyester polymerization catalyst according to claim 1, 
wherein the phosphorus compound is at least one phosphonic acid based 
compound. 

4. The polyester polymerization catalyst according to any one of 
claims 1 to 3, wherein the phosphorus compound is a compound having an 
aromatic ring structure. 

5. The polyester polymerization catalyst according to claim 1, 
wherein the phosphorus compound is at least one compound selected from 
the group consisting of the compounds represented by the following 
Formulae (l) to (3): 

(Formula l) 

P (=0)R 1 (OR 2 ) (OR 3 ) 

(Formula 2) 

P(=0)R 1 R 4 (0R 2 ) 

(Formula 3) 

P(=0)R 1 R 5 R 6 
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(wherein R 1 , R 4 , R 5 and R 6 independently represent hydrogen, a C 1-50 
hydrocarbon group, and a C 1-50 hydrocarbon group containing a hydroxyl 
group, a halogen group, an alkoxy group or an amino group, and R 2 and R 3 
independently represent hydrogen and a C 1-10 hydrocarbon group, provided 
that the hydrocarbon group may contain an alicyclic structure or an 
aromatic ring structure.) 

6. The polyester polymerization catalyst according to claim 5, 
wherein each of R 1 , R 4 , R 5 and R 6 is a group having an aromatic ring 
structure. 

7. The polyester polymerization catalyst according to any one of 
claims 1 to 6, characterized in that one or more metals and/or metal 
compounds selected from the group consisting of alkali metals or compounds 
thereof and alkaline earth metals or compounds thereof are coexistent 
therewith. 

8. Polyester produced by using a catalyst described in any one of 
claims 1 to 7. 

9. A process for producing polyester which comprises using a catalyst 
described in any one of claims 1 to 7 in producing polyester. 
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ABSTRACT OF THE DISCLOSURE 
This invention provides a novel polycondensation catalyst using no 
antimony compound, polyester produced by using the same, and a process 
for producing polyester. A novel catalyst comprising an aluminum 
compound and a phosphorus compound is used as the polycondensation 
catalyst in producing polyester. The polyester of this invention can be 
applied to fibers for clothes, fibers for industrial materials, various films, 
sheets and molded articles such as bottles and engineering plastics, as well 
as coatings and adhesives. 
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As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated 
below next to my name, 

I believe I am an original, first, and joint inventor of the subject 
matter that is claimed and for which a patent is sought on the entitled 

A POLYESTER POLYMERIZATION CATALYST, POLYESTER PRODUCED BY USING 
THE SAME, AND A PROCESS FOR PRODUCING POLYESTER 



the specification of which 
( ) is attached hereto. 

( x ) was filed on August 24, 2000 
and amended on 



as Application Serial No. 10/049,438 
(if applicable) . 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims. 

I acknowledge the duty to disclose information which is material 
to the examination of this application in accordance with Title 37, Code 
of Federal Regulations, §1.56 (a). 

PRIOR FOREIGN APPLICATION (S) 

I hereby claim foreign priority benefits under Title 35, United 
States Code, §119 of any foreign application (s) for patent or inventor's 
certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date 
before that of the application on which priority is claimed: 



COUNTRY 


APPLICATION 

NUMBER 


DATE OF FILING 
(day, month, year) 


Japan 


11-237485 


24/8/1999 



UNDER 35 U.S.C. §119 



Yes 




1/4 pages 
















I hereby claim the benefit under title 35, United States Code, § 120 
of any United States application (s ) listed below and, insofar as the 
subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided 1 
the first paragraph of Title 35, United States Code, § 112, I acknowledge 
the duty to disclose material information as defined in Title 37, Code oi 
Federal Regulations, § 1.56(a) which occurred between the filing date of 
the prior application and the national or PCT international filing date 
of this application: 



APPLICATION 


FILING DATE 


STATUS 


NUMBER 


(day, month, year) 


(i.e. Patented, Pending, Abandoned) 




POWER OF ATTORNEY : As a named inventor, I hereby appoint the 
followi,ngr attorneys: 

(X) Edward W. Greason (Reg. No . 18 . 9181 



SEND CORRESPONDENCE, AND DIRECT TELEPHONE CALLS TO: 

Edward W. Greason 
KENYON & KENY QN- 
One Broadway. 

New York, New York 10004 
~( 2 12 ) 425-7200 (phone) 
(212) 425-5288 (facsimile) 



I declare that all statements made herein of my own knowledge are 
true and all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under § 1001 of Title 18 of the United 
States Code and that such willful statements may jeopardize the validity 
of the application or any patent issuing thereon. 
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